The first observation of the decay B 0 s → D 0 K − π + is reported. The analysis is based on a data sample, corresponding to an integrated luminosity of 1.0 fb −1 of pp collisions, collected with the LHCb detector. The branching fraction relative to that of the topologically similar decay B 0 → D 0 π + π − is measured to be 
Introduction
The precise measurement of the angle γ of the CKM Unitarity Triangle [1, 2] is one of the primary objectives in contemporary flavour physics. Measurements from the experiments BaBar, Belle and LHCb are based mainly on studies of B + → DK + decays, where the notation D implies that the neutral D meson is an admixture of D 0 and D 0 states. Each experiment currently gives constraints on γ with a precision of ∼ 15
• [3] [4] [5] . Significant reduction of this uncertainty is well motivated and the use of additional channels to further improve the precision is of great interest.
The decay B 0 → DK + π − , including the resonant contribution from B 0 → DK * 0 , is one of the modes with the potential to make significant impact on the overall determination of γ [6] . A first measurement of CP observables in B 0 → DK * 0 decays has been reported by LHCb [7] . This decay is particularly sensitive to γ owing to the interference of b → cūs and b → ucs amplitudes, which for this decay are of similar magnitude. It has been noted that an amplitude analysis of B 0 → DK + π − decays can further improve the sensitivity and also resolve the ambiguities in the result [8, 9] .
The decays B 0 → D 0 K + π − and B 
Detector, trigger and selection
The LHCb detector [14] is a single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector includes a high precision tracking system consisting of a silicon-strip vertex detector surrounding the pp interaction region, a large-area silicon-strip detector located upstream of a dipole magnet with a bending power of about 4 Tm, and three stations of siliconstrip detectors and straw drift tubes placed downstream. The combined tracking system provides a momentum measurement with relative uncertainty that varies from 0.4 % at 5 GeV/c to 0.6 % at 100 GeV/c, and impact parameter (IP) resolution of 20 µm for tracks with high transverse momentum (p T ). Charged hadrons are identified using two ringimaging Cherenkov (RICH) detectors [15] . Photon, electron and hadron candidates are identified by a calorimeter system consisting of scintillating-pad and preshower detectors, an electromagnetic calorimeter and a hadronic calorimeter. Muons are identified by a system composed of alternating layers of iron and multiwire proportional chambers.
The LHCb trigger [16] consists of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage that applies a full event reconstruction. In this analysis, signal candidates are accepted if one of the final state particles created a cluster in the hadronic calorimeter with sufficient transverse energy to fire the hardware trigger. Events that are triggered at the hardware level by another particle in the event are also retained.
The software trigger requires a two-, three-or four-track secondary vertex with a high sum of the transverse momentum, p T , of the tracks and a significant displacement from the primary pp interaction vertices (PVs). At least one track should have p T > 1.7 GeV/c and impact parameter χ 2 , χ Candidates that satisfy the software trigger selection and are consistent with the decay normalisation sample allows the selection to be based on data, though the efficiencies are determined using simulated events. In the simulation, pp collisions are generated using Pythia 6.4 [19] with a specific LHCb configuration [20] . Decays of hadronic particles are described by EvtGen [21] in which final state radiation is generated using Photos [22] . The interaction of the generated particles with the detector and its response are implemented using the Geant4 toolkit [23] as described in Ref. [24] . To improve the B 0 (s) candidate invariant mass resolution, the four-momenta of the tracks from the D 0 candidate are adjusted [31] so that their combined invariant mass matches the world average value [32] . An additional B 2 for Dππ or 5200-5600 MeV/c 2 for DKπ. After all selection requirements are applied, fewer than 1 % of events with at least one candidate also contain a second candidate. Such multiple candidates are retained and treated in the same manner as other candidates; the associated systematic uncertainty is negligible.
Determination of signal yields
The signal yields are obtained from unbinned maximum likelihood fits to the invariant mass distributions. In addition to signal contributions and combinatorial background, candidates may be formed from misidentified or partially reconstructed b-hadron decays. Contributions from partially reconstructed decays are reduced by the lower bounds on the invariant mass regions used in the fits. Sources of misidentified backgrounds are investigated using simulation. Most potential sources are found to have broad invariant mass distributions, and are absorbed in the combinatorial background shapes used in the fits described below. Backgrounds from Λ 0 b → D 0 pπ + [33] and B 0 → D 0 π + π − decays may, however, give contributions with distinctive shapes in the mass distributions of Dππ and DKπ candidates, respectively, and are therefore explicitly modelled in the fits.
The Dππ fit includes a double Gaussian shape to describe the signal, where the two Gaussian functions share a common mean, together with an exponential component for partially reconstructed background, and a probability density function (PDF) for Λ 0 b → D 0 pπ + decays. This PDF is modelled using a smoothed non-parametric function obtained from simulated data, reweighted so that the D 0 π + invariant mass distribution matches that observed in data. The shape of the combinatorial background is essentially linear, but is multiplied by a function that accounts for the fact that candidates with high invariant masses are more likely to fail the B 0 (s) mass constrained fit. There are ten free parameters in the Dππ fit: the double Gaussian peak position, the widths of the two Gaussian shapes and the relative normalisation of the two Gaussian functions, the linear slope of the combinatorial background, the exponential shape parameter of the partially reconstructed background, and the yields of the four categories. The result of the fit to the Dππ candidates is shown in Fig. 2 
Calculation of branching fraction ratios
The ratios of branching fractions are obtained after applying event-by-event efficiencies as a function of the Dalitz plot position. The branching fraction for the
decay is determined as
and the branching fraction of the B 0
where the efficiency corrected yield is
Here the index i runs over all candidates in the fit range, W i is the signal weight for candidate i, determined using the procedure described in Ref. [28] , from the fits shown in Fig. 2 and ǫ tot i is the efficiency for candidate i as a function of its Dalitz plot position. The ratio of fragmentation fractions is f s /f d = 0.256 ± 0.020 [34] . The statistical uncertainty on the branching fraction ratio incorporates the effects of the shape parameters that are allowed to vary in the fit and the dilution due to event weighting. Most potential systematic effects cancel in the ratio.
The PID efficiency is measured using a control sample of
decays to obtain background-subtracted efficiency tables for kaons and pions as a function of their p and p T [15, 35] . The kinematic properties of the particles in signal decays are obtained from simulation in which events are uniformly distributed across the phase space, allowing the PID efficiency for each event to be obtained from the tables, while taking into account the correlation between the p and p T values of the two tracks. The other contributions to the efficiency (detector acceptance, selection criteria and trigger effects) are determined from phase space simulation, and validated using data. All are found to be approximately constant across the Dalitz plane, apart from some modulations seen near the kinematic boundaries and, for the DKπ channels, a variation caused by different PID requirements on the pion and the kaon. The efficiency for each mode, averaged across the Dalitz plot, is given in Table 1 together with the contributions from geometrical acceptance, trigger and selection requirements and particle identification. The Dalitz plots obtained from the signal weights are shown in Fig. 3 . Fig. 3(a) , shows contributions from the ρ 0 (770) and f 2 (1270) resonances (upper diagonal edge of the Dalitz plot) and from the D * − 2 (2460) state (horizontal band), as expected from previous studies of this decay [12, 13] 
Systematic uncertainties and cross-checks
Systematic uncertainties are assigned to both branching fraction ratios due to the following sources (summarised in Table 2 ). Note that all uncertainties are relative. The variation of efficiency across the Dalitz plot may not be correctly modelled in simulation. A twodimensional polynomial is used to fit the variation across the Dalitz region of each of the four contributions to the efficiency (detector acceptance, selection criteria, PID and trigger effects). These polynomials are used to generate 1000 simulated pseudo-experiments, varying the fit parameters within their uncertainties. Each set of simulations is used to calculate the efficiency corrected yield. The standard deviation from a Gaussian fit to these yields is used to provide a systematic uncertainty for each decay mode. This leads to a systematic uncertainty of 3.4 % (3.1 %) for R A number of cross-checks are performed to test the stability of the results. Based upon the hardware trigger decision, candidates are separated into three groups: events in which a particle from the signal decay created a cluster with enough energy in the calorimeter to fire the trigger, events that were triggered independently of the signal decay and those events that were triggered by both the signal decay and the rest of the event. The data sample is divided by dipole magnet polarity. The neural network and PID requirements are both tightened and loosened. The PID efficiency is evaluated using the kinematic properties from D 0 π + π − data instead of from simulation. The requirement for the B 0 (s) mass constrained fits to converge is removed. All cross-checks give consistent results.
Results and conclusions
In summary, the decay B 
− decay has also been measured, with relative branching fraction
Using the corrected value of
which is the most precise measurement of this quantity to date. Future studies of the Dalitz plot distributions of these decays will provide insight into the dynamics of hadronic B decays. In addition, the B 0 → DK + π − decay may be used to measure the CP violating phase γ. 
